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METHODS AND APPARATUS FOR 
RE-SCALING IMAGE BY VARIABLE 

RE-SCALING FACTOR USING B-SPLINE 
INTERPOLATOR 

BACKGROUND 

It is a desirable feature of video signal processing inte 
grated circuits (ICs) to have the capability of re-scaling (re 
sizing) an input video image such that the video signal output 
from the video signal processing IC has different dimensions 
(measured inpixels) from the input video signal.Video image 
resizing may be useful for applications such as conversion 
betWeen standard de?nition and high de?nition formats, 
aspect ratio correction, picture-in-picture displays, chroma 
interpolation, or conversion betWeen so-called “letter-box” 
and full-screen formats. The latter application may call for 
anamorphic re-scaling, in Which the resizing factor may vary 
from one picture dimension to the other and/or from one 
region of the image plane to another. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a system provided according 
to some embodiments. 

FIG. 2 illustrates in block diagram form an image re 
scaling circuit that is part of a video processing IC included in 
the system of FIG. 1. 

FIG. 3 is a block diagram that illustrates some details of the 
image re-scaling circuit of FIG. 2. 

FIG. 4 illustrates some details of an extended FarroW struc 
ture included in the circuitry of FIG. 3. 

FIG. 5 illustrates some details of a direct B-spline trans 
form block that is part of the extended Farrow structure of 
FIG. 4. 

FIG. 6 is a high level How chart that illustrates a process 
performed in the re-scaling circuit of FIG. 2. 

FIG. 7 is a How chart that illustrates a one-dimensional 
re-scaling process performed as part of the process of FIG. 6. 

FIG. 8 is a block diagram of another embodiment of the 
image re-scaling circuit. 

FIG. 9 is a How chart that illustrates a one-dimensional 
re-scaling process performed in the image re-scaling circuit 
of FIG. 8. 

FIG. 10 is a block diagram of still another embodiment of 
the image re-scaling circuit. 

FIG. 11 is a How chart that illustrates a one-dimensional 
re-scaling process performed in the image re-scaling circuit 
of FIG. 10. 

DETAILED DESCRIPTION 

FIG. 1 is a block diagram of a system 100 for displaying 
video signals. The system 100 may include a source 102 of 
image data frames. The image data source 102 may, for 
example, include one or more of a television tuner, a DVD 

drive, a computer hard drive, a netWork interface, a cable 
television set-top box, a digital video tape recorder, a personal 
video recorder, etc. The system 100 may also include an input 
frame buffer 104 coupled to the image data source 102 to store 
one or more image data frames provided by the image data 
source 102. 

The system 100 may further include a video processing 
device 106 (e.g., an IC) that is coupled to the input frame 
buffer. The video processing device 106 may perform various 
types of processes With respect to the input image signal, such 
as re-scaling by a re-scaling circuit indicated at 108. 
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2 
In addition, the system 100 may include an output frame 

buffer 110 coupled to the video processing device 106 to store 
processed (e.g., re-sized) image data frames output from the 
video processing device 106. The frame buffers 104, 110 may 
be combined together in the same memory device or may be 
constituted by separate memory devices. Whether combined 
or separate, the frame buffers 104, 110 may collectively be 
referred to as a graphics memory unit. 

Still further, the system 100 may include a display device 
112 (CRT, ?at panel display, liquid crystal display, etc.) 
coupled to the output frame buffer 110 to display image 
signals provided from the output frame buffer 110. 
The system 100 may also include a host processor 114 

coupled to the video processing device 106. The host proces 
sor 114 may be a general purpose microprocessor, microcon 
troller or the like, and may control the video processing 
device 106 and/or other aspects of the system 100. 

FIG. 2 is a block diagram Which shoWs aspects of the image 
re-scaling circuit 108 of the video processing device. The 
image re-scaling circuit 108, and other embodiments of the 
image re-scaling circuit described hereinafter may be oper 
able to re-scale images in accordance With a Wide range of 
re-scaling factors, both greater than one (for upscaling) and 
less than one (for doWnscaling). In some embodiments, the 
re-scaling factor to be used may be arbitrarily selected 
according to the needs of the image re-sizing application to be 
performed by the image re-scaling circuit. Moreover, image 
re-scaling circuits described hereinafter may be operable to 
perform anamorphic re-scaling, including re-scaling factors 
that change along a horizontal line (roW) or column of pixels. 
The re-scaling factors may change on a pixel by pixel basis 
along the roW or column. 

The re-scaling circuitry illustrated in FIG. 2 may operate as 
a one-dimensional re-scaler, Which ?rst may be applied to 
roWs of image pixels and thereafter to columns of the hori 
zontally re-sized image to produce an image that has been 
re-sized in both dimensions. (Alternatively, the one-dimen 
sional re-scaler may ?rst be applied vertically and thereafter 
horizontally.) 
One approach to one-dimensional resizing may involve 

obtaining an approximation of a continuous function that is 
represented by a sequence of pixel values and then resam 
pling the continuous function (or an approximation thereof) 
to increase or decrease the number of samples per ?xed time 
interval. Such an approach is approximated by the re-scaling 
circuitry of FIG. 2. 
The image re-scaling circuit 108 shoWn in FIG. 2 includes 

a re-scaling factor calculating block 202. The re-scaling fac 
tor calculating block 202 may calculate a re-scaling factor 
that varies depending on the current position along a roW or 
column of pixels that is being processed by the circuit 108. In 
this Way anamorphic re-scaling may be supported, With the 
re-scaling factor being selected by the block 202 as required. 
In other embodiments and/ or for other applications, the block 
202 may select a re-scaling factor that is constant along a roW 
or column of pixels. 
The image re-scaling circuit 108 further includes a bank 

204 of loW pass ?lters, one of Which is selected by the block 
202 to receive the sequence of input image data samples 
(input pixel values). The particular loW-pass ?lter to be 
selected from the ?lter bank 204 may be selected on the basis 
of the currently selected re-scaling factor. In some embodi 
ments, the ?lter bank 204 may be constituted by ten loW pass 
?lters respectively having cut-off frequencies of 0.9*J'|§, (0.9) 
2*:‘5, (0.9)3*J'|§, . . . , (0.9)lo*rc. A ?lter, selected as described 
beloW from the ?lter bank 204, may serve as an anti-aliasing 
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?lter to prevent aliasing that may otherwise occur if doWn 
sampling is to be performed downstream from the ?lter bank 
204. 

In addition, the image re-scaling circuit 108 includes a 
re-scaler block 206. The re-scaler block 206 is coupled doWn 
stream from the ?lter bank 204 to receive the loW-pass-?l 
tered sequence of samples output from the loW pass ?lter of 
the bank 204 that Was selected by the re-scaling factor calcu 
lating block 202. 

FIG. 3 is a block diagram that illustrates some details of the 
image re-scaling circuit 108. 

The image re-scaling circuit 108 may include a line select 
circuit 302 to select the current line (or column, if vertical 
re-scaling is to be performed) of pixels to be re-scaled. The 
image re-scaling circuit 108 may also include a line buffer 
304 to buffer the pixel data for the line of pixels selected by 
the line select circuit 302. 

In addition, the image re-scaling circuit 108 may include a 
phase selector block 306 (also referred to as a phase offset 
determination block). The phase offset determination block 
3 06 is coupled to the re-scaling factor calculating block 202 to 
receive the current re-scaling factor. On the basis of the cur 
rent re-scaling factor, the phase offset determination block 
306 determines the phase offset to be employed in obtaining 
the current output sample value, as described beloW. 

The image re-scaling circuit 108 further includes an 
B-spline re-scaler 308 that is coupled to the phase offset 
determination block 306 and to the line buffer 304. The 
B-spline re-scaler 308 operates in a manner to be described 
beloW to perform one-dimensional re-scaling With respect to 
the line (or column) of pixel values stored in the line buffer 
304. 

The image re-scaling circuit 108 may also include a line 
store 310 to store the re-scaled output sequence that is pro 
duced by the B-spline re-scaler 308. 

The bank of loW-pass ?lters 204 (FIG. 2), Which is omitted 
from FIG. 3, may be positioned betWeen the line buffer 304 
and the B-spline re-scaler 308. In a re-scaling circuit Which 
performs only up-scaling, the loW pass ?lters may be omitted. 
Similarly, at times When up-scaling is performed in a circuit 
With both up-scaling and doWn-scaling capabilities, the loW 
pass ?lters may be by-passed. 

FIG. 4 illustrates some details of the B-spline re-scaler 308. 
The B-spline re-scaler 308 includes a direct B-spline trans 
form block 402. The B-spline transform block 402 receives a 
subset of the current line of input samples and computes 
B-spline transform coef?cients needed for interpolation. The 
coef?cients alloW B-spline functions to be used to reconstruct 
a continuous signal from the discrete input samples. For 
example, a cubic (third order) B-spline analysis may be per 
formed by the block 402. The resulting coef?cients c(k) may 
be used in the extended FarroW structure described beloW to 
provide the output sample values required for the given re 
siZing ratio, as re?ected by the current phase offset. 
The B-spline re-scaler 308 also includes an extended Far 

roW structure formed of a ?lter bank 404 and an array 414 of 
multipliers and adders. The ?lter bank 404 is coupled to 
receive the transform coef?cients produced by the direct 
B-spline transform block 402. In the case of a third order 
transform, the ?lter bank 404 may be constituted by ?lters 
406 (GO(Z)), 408 (Gl(Z)), 410 (G2(Z)) and 412 (G3(Z)). Suit 
able ?lter characteristics for these ?lters Will be set forth 
beloW. 

The array 414 of multipliers and adders is coupled to the 
output of the ?lter bank 404. The array 414 is also coupled to 
the phase offset determination block 306 (FIG. 3, not shoWn 
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4 
in FIG. 4) to receive the current phase offset p. to be applied to 
the signals output from the ?lter bank 404. 
The extended FarroW structure, among other functions, 

provides conversion of the coef?cients back to the time 
domain. 
The direct B-spline transform block 402 may operate to 

compute transform coef?cients from a set of sample values 
s(k), kIl, . . . ,K, from the folloWing recursive ?lter equations: 

c*(k):s(k)+b1*c*(k—1), for k:1,. . . ,K-l (Eq. 1) 

C*(k):b1*(C*(k+1)-C+(k)), for k:K—2, . . . ,0 (Eq. 2) 

c(k):6*c’(k), (Eq. 3) 

With boundary conditions: 

Where: 
bl:sqrt (3)—2; 
kO>(log e)/(log|bl|); and 
e is the required level of precision. 
It is believed that image quality is not signi?cantly 

improved for kO>l0. 
The blocks of input samples utiliZed for Equations 1 and 2 

may number, eg 20 or 30 samples. 
The transform performed by the direct B-spline transform 

block 402 takes a number of input samples that is equal to the 
number of coef?cients to be calculated. Generally, the coef 
?cients c(O), c(K- l) and c(K) are discarded because satisfac 
tory convergence may not be obtained for these coef?cients. 
The coef?cients c(l) to c(K-2) are then output to the array 
414 to calculate the phase value. In some embodiments, four 
coef?cients are used to calculate a single phase value, except 
that ?ve coef?cients may be used in these embodiments When 
the current phase offset is Zero. 

FIG. 5 illustrates some details of the direct B-spline trans 
form block 402. In particular, FIG. 5 shoWs an architecture 
(e.g., implemented in logic circuitry) to calculate the trans 
form coef?cients c(k) based on a set of input samples s(k) in 
accordance With Equations (l)-(3). In particular, the trans 
form block 402 includes an array 502 of adders and multipli 
ers to calculate intermediate coef?cients c+(k) from the input 
samples s(k). Further, the transform block 402 includes an 
array 504 of adders to calculate intermediate coef?cients 
c_(k) from intermediate coef?cients c+(k). In addition, the 
transform block 402 includes an array 506 of multipliers to 
calculate the output coef?cients c(k) from the intermediate 
coef?cients c_(k). 

Referring again to FIG. 4, the ?lters making up the ?lter 
bank 404 may be all-Zero systems With the folloWing transfer 
functions: 
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FIG. 6 is a high level How chart that illustrates a process 
performed in the re-scaling circuit 108. At 602 in FIG. 6, the 
horizontal roWs of pixels are re-scaled one after the other by 
the re-scaling circuit 108. Thereafter, at 604, the columns of 
pixels of the horizontally re-scaled image are re-scaled. 

FIG. 7 is a How chart that illustrates a one-dimensional 
re-scaling process performed by the re-scaling circuit 108 as 
part ofthe process ofFlG. 6. For example, the process ofFlG. 
7 may be applied to re-scale a roW or column of pixels. 
At 702 in FIG. 7, a sequence of input samples (e.g., repre 

senting a roW of pixels in the image to be re- scaled) is received 
by the re-scaling circuit 108. At 704, the re-scaling factor 
calculating block 202 calculates or selects the current re 
scaling factor to be applied in vieW of the current location 
along the roW of pixels. (It should be understood that calcu 
lating a re-scaling factor is one Way of selecting the re-scaling 
factor.) The selected re-scaling factor is applicable to at least 
a portion of the roW of pixels (i.e, to at least one pixel; 
alternatively the selected re-scaling factor is applicable to at 
least a portion of a current column of pixels, assuming that 
vertical rather than horizontal re-scaling is currently being 
performed). 

At 706, the re-scaling factor calculating block 202 selects 
one of the loW pass ?lters from the ?lter bank 204, based on 
the currently selected re-scaling factor. The loW pass ?lter that 
is selected may be the one having the Widest passband Which 
is suf?ciently narroW to substantially prevent aliasing that 
might otherWise result from the effective reduction in sam 
pling rate to be performed by the re-scaler 206 in the case of 
doWnscaling (re-scaling factor<l). Alternatively, if the 
selected re-scaling factor is greater than one (i.e., upscaling is 
being performed) the ?lter bank 204 may be by-passed by the 
input sample sequence. At 708, if the ?lter bank 204 is not 
by-passed, the input sample sequence is loW-pass ?ltered by 
the selected ?lter from the ?lter bank 204. 

At 710, the phase offset determination block 306 (FIG. 3) 
determines the phase offset for the current pixel to be gener 
ated. This determination is based on the re-scaling factor 
selected by the re-scaling factor calculating block 202. The 
?rst pixel of a roW may be selected at a zero phase offset and 
may be the same as the ?rst input pixel of the roW or column. 
The phase offset for the next pixel may be the non-integer part 
of the inverse of the re-scaling factor, less 0.5. Thereafter, for 
each succeeding pixel, the phase offset determination block 
306 may calculate a cumulative total phase based on the 
current value of the re-scaling factor (Which may be changed 
from pixel to pixel). That is, With each pixel after the ?rst, the 
cumulative total phase may be incremented by the inverse of 
the current value of the re-scaling factor. Then the current 
phase offset u. may be taken as the non-integer part of the 
cumulative phase, less 0.5. 
At 712, a group of samples from the sequence of input 

samples is selected (after loW-pass ?ltering, if required, by the 
selected loW pass ?lter of the ?lter bank 204) to be the input 
for the direct B-spline transform block 402 (FIG. 4). 
At 714, the transform block 402 applies a direct B-spline 

transform (e.g., a cubic B-spline transform) to the group of 
samples selected at 712 to generate transform coe?icients. As 
noted above, the transform may be performed in accordance 
With the recursive ?lter equations listed above as Equations 
(1H3) 
At 716, a group of the resulting transform coef?cients are 

provided from the transform block 402 to the ?lter bank 404. 
When 0<p.<0.5 is the case, the coef?cients c(k—l), c(k), c(k+ 
l) and c(k+2) are provided to the ?lter bank 404; When 
—0.5§p.<0 is the case, the coe?icients c(k—2), c(k—l), c(k) 
and c(k+l) are provided to the ?lter bank 404; When pFO, the 
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6 
coef?cients c(k—2), c(k—l), c(k), c(k+l) and c(k+2) are pro 
vided to the ?lter bank 404. In each of these cases, k is the 
current index value, and is equal to the integer part of the 
cumulative phase. 
At 718, the phase offset p. is applied at the output of the 

?lter bank 404, as indicated in FIG. 4, by the array 414 of 
adders and multipliers to obtain the output pixel value. 
As indicated at 720, the process of FIG. 7 is repeated With 

respect to each output pixel position (each corresponding to a 
respective value of the cumulative phase) to output a 
sequence of re-scaled output sample values. 
At the ends of each roW or column, ?ll-in pixel values must 

be supplied for the ?lter operation. This may be done for 
example by zero-padding, replicating the ?rst (or last) pixel 
value, or by mirroring the pixel values at the end or beginning 
of the roW or column. 

The re-scaling factor may be changed on a pixel-by-pixel 
basis along the roW or column of pixels to support anamor 
phic re-scaling. 

FIG. 8 is a block diagram that illustrates another embodi 
ment of the re-scaling circuit. As in the previously described 
embodiment, a one-dimensional re-scaler is shoWn, Which 
may be applied ?rst to horizontal line re-scaling and thereaf 
ter to vertical column re-scaling (or vice versa). 
The re-scaling circuit 108a shoWn in FIG. 8 includes a 

re-scaling factor calculating block 20211 to calculate or select 
a re-scaling factor to be applied by the re-scaling circuit. As 
before, the re-scaling factor calculating block 202a may sup 
port anamorphic re-scaling by changing (e.g., recalculating) 
the re-scaling factor along a roW or column of pixels being 
processed by the re-scaling circuit. 

The re-scaling circuit 108a further includes an up-scaling 
block 802 Which is coupled to receive the currently effective 
re-scaling factor from the re-scaling factor calculating circuit 
20211. The up-scaling block 802 performs an up-scaling 
operation, utilizing direct B-spline analysis and phase inter 
polation, as described beloW, With respect to an input 
sequence of samples. The up-scaling block 802 may have the 
same structure shoWn in FIGS. 3-5, the only difference being 
that the re-scaling factor supplied to the up-scaling block 802 
is alWays greater than 1. 
The re-scaling circuit 108a also includes a loW pass ?lter 

804 Which is coupled doWnstream from the up-scaling block 
802 to loW-pass ?lter the up-scaled sample sequence output 
from the up-scaling block 802. Still further, the re-scaling 
circuit 108a includes a ?xed doWn-sampling block 806 Which 
is coupled doWnstream from the LPF 804 to doWn-sample the 
loW-pass-?ltered sample sequence output from the LPF 804 
by a factor of N. The LPF 804 may have a cut-off frequency 
of J'lZ/N to provide satisfactory anti-aliasing ?ltering. 

FIG. 9 is a How chart that illustrates a one-dimensional 
re-scaling process performed by the re-scaling circuit 10811. 
For example, the process of FIG. 9 may be applied to re-scale 
a roW or column of pixels. 

At 902 in FIG. 9, a sequence of input samples (e.g., repre 
senting a roW of pixels in the image to be re-scaled) is received 
by the re-scaling circuit 108a. At 904, the re-scaling factor 
calculating block 202a calculates or selects the current re 
scaling factor to be applied in vieW of the current location 
along the roW of pixels. This currently desired re-scaling 
factor may be greater than one (for up-scaling) or less than 
one (for doWn-scaling). HoWever, in vieW of the doWn-sam 
pling to be provided doWnstream by the doWn-sampling 
block 806, the re-scaling factor supplied by the re-scaling 
factor calculating block 20211 to the up-scaler block 802 is N 
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times the desired re-scaling factor. N may be selected such 
that the product of N and the smallest permissible re-scaling 
factor is greater than one. 

At 906, the phase-offset determination block 306 (FIG. 3) 
determines the phase offset for the current pixel to be gener 
ated. The determination is based on the re-scaling factor 
supplied to the up-scaler block 802 by the re-scaling factor 
calculating block 20211. The ?rst pixel of a roW or column may 
be selected at a Zero phase offset and may be the same as the 
?rst input pixel of the roW or column. The phase offset for the 
next pixel may be the inverse of the re-scaling factor supplied 
by the re-scaling factor calculating block (Which re-scaling 
factor is guaranteed in this embodiment to be greater than 
one), less 0.5. Thereafter, for each succeeding pixel, the phase 
offset determination block 306 may calculate a cumulative 
total phase based on the current value of the re-scaling factor 
supplied by the re-scaling factor determination circuit 20211 
(which may be changed from pixel to pixel). That is, With 
each output pixel after the ?rst, the cumulative total phase 
may be incremented by the inverse of the value of the re 
scaling factor currently provided to the up-scaler block 802. 
Then the current phase offset u. may be taken as the non 
integer part of the cumulative phase, less 0.5. 
At 908, a group of samples from the sequence of input 

samples is selected to be the input for the direct B-spline 
transform block 402 (FIG. 4). 

At 910, the transform block 402 applies a direct B-spline 
transform to the group of samples selected at 908 to generate 
transform coe?icients. The transform may be performed in 
the same manner described above, e.g., With respect to 714 in 
FIG. 7. 
At 912, a group of the resulting transform coef?cients are 

provided from the transform block 402 to the ?lter bank 404. 
The transform coef?cients to be provided may be selected as 
indicated above With respect to 716 in FIG. 7. At 914, the 
phase offset p. is applied at the output of the ?lter bank 404, as 
indicated by FIG. 4, by the array 414 of adders and multipli 
ers, to obtain an output pixel value from the up-scaler block 
802. 
As indicated at 916, the above operations are repeated for 

each output pixel position to output a sequence of up-scaled 
output sample values. 
At 918, the sequence of samples output from the up-scaler 

block 802 is loW-pass ?ltered by the LPF 804. At 920, the 
loW-pass-?ltered sequence of samples is doWn-sampled by a 
factor of N by the doWn-sampling block 806. That is, every 
Nth sample from the sequence received by the doWn-sam 
pling block 806 is selected to be output from the doWn 
sampling block 806 and all other samples are discarded. The 
resulting output sequence represents the line or column of 
pixels after re-scaling in accordance With the desired re 
scaling factor selected/calculated (and possibly changed 
along the roW or column) by the re-scaling factor calculating 
circuit 202a. 

FIG. 10 is a block diagram that illustrates still another 
embodiment of the re-scaling circuit. As in previously 
described embodiments, a one-dimensional re-scaler is 
shoWn, Which may be applied ?rst to horiZontal line re-scal 
ing and thereafter to vertical column re-scaling (or vice 
versa). 

The re-scaling circuit 108!) shoWn in FIG. 10 includes the 
same major components as the re-scaling circuit 10811 of FIG. 
8, but With the LPF 804 positioned upstream from the up 
scaler 802 rather than doWnstream as in FIG. 8. 

FIG. 11 is a How chart that illustrates a one-dimensional 
re-scaling process performed by the re-scaling circuit 10819. 
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For example, the process of FIG. 11 may be applied to re 
scale a roW or column of pixels. 
At 1102 in FIG. 11, a sequence of input samples (e.g., 

representing a roW of pixels in the image to be re-scaled) is 
received by the re-scaling circuit 1081). At 1104, the sequence 
of input samples is loW-pass ?ltered by the LPF 804. At 1106, 
the re-scaling factor calculating block 202a calculates or 
selects the current re-scaling factor to be applied in vieW of 
the current location along the roW of pixels. This currently 
desired re-scaling factor may be greater than one (for up 
scaling) or less than one (for doWn- scaling). HoWever, in vieW 
of the doWn-sampling to be provided doWnstream by the 
doWn-sampling block 806, the re-scaling factor supplied by 
the re-scaling factor calculating block 20211 to the up-scaler 
block 802 is N times the desired re-scaling factor. N may be 
selected such that the product of N and the smallest permis 
sible re-scaling factor is greater than one. 
At 1108, the phase-offset determination block 306 (FIG. 3) 

determines the phase offset for the current pixel to be gener 
ated. The determination is based on the re-scaling factor 
supplied to the up-scaler block 802 by the re-scaling factor 
calculating block 20211. The ?rst pixel of a roW or column may 
be selected at a Zero phase offset and may be the same as the 
?rst input pixel of the roW or column. The phase offset for the 
next pixel may be the inverse of the re-scaling factor supplied 
by the re-scaling factor calculating block (Which re-scaling 
factor is guaranteed in this embodiment to be greater than 
one), less 0.5. Thereafter, for each succeeding pixel, the phase 
offset determination block 306 may calculate a cumulative 
total phase based on the current value of the re-scaling factor 
supplied by the re-scaling factor determination circuit 20211 
(which may be changed from pixel to pixel). That is, With 
each pixel after the ?rst, the cumulative total phase may be 
incremented by the inverse of the value of the re-scaling 
factor currently provided to the up-scaler block 802. Then the 
current phase offset u. may be taken as the non-integer part of 
the cumulative phase, less 0.5. 

At 1110, a group of samples from the input sequence, after 
loW pass ?ltering at LPF 804, is selected to be the input for the 
direct B-spline transform block 402 (FIG. 4). 
At 1112, the transform block 402 applies a direct B-spline 

transform to the group of samples selected at 1110 to generate 
transform coef?cients. The transform may be performed in 
the same manner described above, e. g., With respect to 714 in 
FIG. 7. 
At 1114, a group of the resulting transform coef?cients are 

provided from the transform block 402 to the ?lter bank 404. 
The transform coef?cients to be provided may be selected as 
indicated above With respect to 716 in FIG. 7. At 1116, the 
phase offset p. is applied at the output of the ?lter bank 404, as 
indicated by FIG. 4, by the array 414 of adders and multipli 
ers, to obtain an output pixel value from the up-scaler block 
802. 
As indicated at 1118, the above operations are repeated for 

each output pixel position to output a sequence of up-scaled 
output sample values. At 1120, the up-scaled sample 
sequence is doWn-sampled by a factor of N by the doWn 
sampling block 806. That is, every Nth sample from the 
sequence received by the doWn-sampling block 806 is 
selected to be output from the doWn-sampling block 806 and 
all other samples are discarded. The resulting output 
sequence represents the line or column of pixels after re 
scaling in accordance With the desired re-scaling factor 
selected/calculated (and possibly changed along the roW or 
column) by the re-scaling factor calculating circuit 20211. 
The order in Which process stages are indicated in the 

embodiments described above does not imply a ?xed order of 
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performing the process stages; rather, the process stages may 
be performed in any order that is practicable. 

The several embodiments described herein are solely for 
the purpose of illustration. The various features described 
herein need not all be used together, and any one or more of 
those features may be incorporated in a single embodiment. 
Therefore, persons skilled in the art Will recogniZe from this 
description that other embodiments may be practiced With 
various modi?cations and alterations. 
What is claimed is: 
1. A method comprising: 
receiving a sequence of input samples that represents a roW 

of pixels in an image; 
selecting a re-scaling factor for at least a portion of saidroW 

of pixels; 
determining a phase offset based on said selected re-scal 

ing factor; 
applying a direct B-spline transform to a group of said 

samples to generate transform coef?cients; 
providing the transform coef?cients as an input to a ?lter 

bank; and 
applying said phase offset at an output of said ?lter bank to 

generate a sequence of output samples. 
2. The method of claim 1, Wherein said re-scaling factor is 

changed along said roW of pixels. 
3. The method of claim 1, Wherein the direct B-spline 

transform is a cubic B-spline transform. 
4. The method of claim 1, further comprising: 
providing a bank of loW pass ?lters; 
selecting a ?lter from said bank of loW pass ?lters based on 

the selected re-scaling factor; and 
loW-pass ?ltering said sequence of input samples With the 

selected ?lter from said bank of loW pass ?lters. 
5. The method of claim 1, further comprising: 
loW-pass ?ltering said sequence of output samples; and 
doWn-sampling said loW-pass-?ltered sequence of output 

samples. 
6. The method of claim 1, further comprising: 
loW-pass ?ltering said sequence of input samples before 

applying the direct B-spline transform thereto; and 
doWn-sampling said sequence of output samples. 
7. A system comprising: 
a transform block to receive a sequence of input samples 

and to apply a direct B-spline transform to a group of 
said samples to generate transform coe?icients, said 
sequence of input samples representing a roW of pixels 
in an image; 

a ?lter bank coupled to the transform block to receive the 
transform coe?icients; 

a re-scaling factor block to select a re-scaling factor for at 
least a portion of said roW of pixels; 

a phase-offset determination block coupled to the re-scal 
ing factor block to determine a phase offset based on the 
re-scaling factor selected by the re-scaling factor block; 
and 

an array of adders and multipliers coupled to an output of 
said ?lter bank and also coupled to said phase-offset 
determination block, said array of adders and multipliers 
to generate a sequence of output samples by applying 
said phase offset to signals output from said ?lter bank. 

8. The system of claim 7, Wherein the re-scaling factor 
block is operative to change the re-scaling factor along said 
roW of pixels. 
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9. The system of claim 7, Wherein the direct B-spline 

transform is a cubic B-spline transform. 
10. The system of claim 7, further comprising: 
a bank of loW pass ?lters coupled upstream from said 

transform block, said bank of loW pass ?lters also 
coupled to said re-scaling factor block, said re-scaling 
factor block operative to select a ?lter from said bank of 
loW pass ?lters, said selected loW pass ?lter operative to 
loW-pass ?lter said sequence of input samples. 

11. The system of claim 7, further comprising: 
a loW pass ?lter coupled doWnstream from the array of 

adders and multipliers to loW-pass ?lter said sequence of 
output samples; and 

a doWn-sample block coupled doWnstream from the loW 
pass ?lter to doWn-sample said loW-pass-?ltered 
sequence of output samples. 

12. The system of claim 7, further comprising: 
a loW pass ?lter coupled upstream from said transform 

block to loW-pass ?lter said sequence of input samples; 
and 

a doWn-sample block coupled doWnstream from said array 
of adders and multipliers to doWn-sample said sequence 
of output samples. 

13. The system of claim 7, Wherein the transform block, the 
?lter bank, the re-scaling factor block, the phase-offset deter 
mination block and the array of adders and multipliers are 
included in a video-processing integrated circuit (IC), the 
system further comprising a graphics memory unit in com 
munication With the video-processing IC. 

14. A method comprising: 
selecting a re-scaling factor for at least a portion of an 

image; 
determining a phase offset based on said selected re-scal 

ing factor; 
applying a direct B-spline transform to a group of samples 

that represent said portion of said image, said direct 
B-spline transform producing transform coe?icients; 

providing the transform coe?icients as an input to a ?lter 
bank; and 

applying said phase offset at an output of said ?lter bank to 
generate a sequence of output samples. 

15. The method of claim 14, further comprising: 
varying said re-scaling factor from one portion of said 

image to another portion of said image. 
16. The method of claim 14, Wherein the direct B-spline 

transform is a cubic B-spline transform. 
17. The method of claim 14, further comprising: 
providing a bank of loW pass ?lters; 
selecting a ?lter from said bank of loW pass ?lters based on 

the selected re-scaling factor; and 
loW-pass ?ltering a sequence of input samples With the 

selected ?lter from said bank of loW pass ?lters, said 
sequence of input samples representing said image. 

18. The method of claim 14, further comprising: 
loW-pass ?ltering said sequence of output samples; and 
doWn-sampling said loW-pass-?ltered sequence of output 

samples. 
19. The method of claim 14, further comprising: 
doWn-sampling said sequence of output samples. 

* * * * * 


